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RESTRICTED
P.RT I, THE C.LORIMETRY OF HIGH EXPLOSIVES

Introduction

Port I of this report describes the equipment ond procedurc which has
been deeloped in this Es¥ablishment over a period of years for the
mcasurement of the heat evolved when a charge of high cxplosive is dctonnted in &
clused vessel, Other closed vessel work carried out in the Scction cempriscs
the mensurement of hcots of ccmbustion and determination of the crlorimetric
volues cf propellants, the latter technique having been developed to e high
order of occuracy.

The closed vessel or bumb used for the coalorimetry of high explcsives is
of such size and strength as to permit charges of up to 120 gm. in weight being
detcnoted in ite This entails the usc of o vessel, which, tcgether with its
cuxiliery cpperatus of celerimeter, woter-jocket etc. is much larger and
heavier than the corresponding ccmbustion or propellant equipment, The time
cccupied in carrying out o calorimetric measurement is alsc much longer. For
example, the bcmb itself weighs cbout 5% owt. and tempercture rendings orc
continued in the coursc »f o single experiment for 7 to 8 hours.

The equipment is housed in o reinforccd concrctc structurc cnd firing is
cerried out electrically by remote control. If ¢ vessel frectures| on firing
scre demege tc the equipment is unaovoideble, but the production of dangerous
nissiles from the bomb cesing is not a likely contingency. Thc closing lids
of the cclcrimeter ond woater jacket will be ejected violently rnd the wrter,
rmixcd with scct, will be thrown oute is the products of dctonction contein
toxic grses, especially carbon monoxide, good ventilation hns to be provided to
ensure their rcpid dispersala

fra The Clcsed Vessel

1. Material

The earliest type of bemb, first used in 1921 was made from a nickel=-
chreme steel of the fellcwing crmposition;-

Carbon 0,69 per cent
NMickel 297

Chremium 2. 31
Manganese 0. 09

Sulphur 0,10
Phesphcrus 0.029

Lbout 150 chorges were fired in it, meony of them of 120 to 130 groms. weight,
.t the end of its life its sidcs hed bulged but not froctured and its inner
surface hod become badly scored with the loss of 1500 c.c. of steel. Such
good servicecbility is no doubt lergely duc to the heet trectment of the
steel,

Systemetic work on the cclorimetry of high explosives then lepsed for ¢
number of yecrs, to be resumed in 1942,  .n cttempt wes mcde to copy the
original vessel, but unfortunctely deterils of its hert tree tment werc no
longer ovaileble. & Vibrec steel wos adopted mede by the English Stecl
Corporction to specification B,S.S. En.26-V,12 (trertcd condition T.2).
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Vessels of this material, however, fractured after a few firings with the
largest charges, the cause being traced to the difficulty in obtaining a
homogeneous heat trectment of forgings of the shepe cnd size of the vessel.
More recently, several vessels have been satisfoctorily heat trected and
these have proved capable of teking cherges of 120 to 130 groms.

The bomb is shown in dimensicnal deteil in Fig. 1. It hes ¢ plein
cglindrical bedy 24 in. high and 12 in, in diometer, with o well thickness of
2.‘_‘:". 4

2. The Method of Sealing Fig. 1 Parts 4 tc 8

It is of crcurse essential that a2ll joints in the bcmb should be at lecst
as strcng os the material itself in withstanding without leckage the intense
dctonaticn pressure. The methcd of obturaticn tc be described is the product
of much procticel experience,

~ On the inner surface of the head of the bomb is a circular groove which
corresponds with a2 prcjecticn of hemispherical cross section on the top of the
bcdy. The groove is initially filled with solder, When the head of the
vessel is tightened against the body, the solder spreads and is partially
extruded cut cf the grcove, This forms en initial seal to the vessel ond
cnables it tc be evacuated of air and filled with an inert gas (nitrogen or
argon) as required.

The main seal cemes into cperaticn when the charge is fired. It
consists of a steel baffle plate frum which the charge is suspended, a knife
ring and lead weshers. When the charge is detcnated the pressure of the
geseous products is transmitted by the baffle plate to the knife ring which
is designed to force the lead intc any gops formed at the joint and sc ensure
that the goses are retained, It is found convenient to make the lead washer
in two perts; the knife ring and lower washer can then be used for at lcast
tw> firings and unly the upper cne need be removed ond reploced each time.

The knife ring is of good quality steel and the leed woshers are turned from
rolled lcod sheets made from Broken Hill lecd clloyed with O.3 per cent of tin.

3, The Boffle Plate Fig.1 Ports 6, 7 & 8

This is o flat plate of steel made up of & centrcl disc cnd two
ccnecentric rings screwed togethor. The confining vessel contcining the
explosive charge with its booster eand detonator is suspended from the disc by
meons of twe steel rcds § in, diemeter and 6 in. long bolted to the disc.

The detcnator leads also pass through the disc. The inner ring is of such o
dicmeter that, after a firing with o new knife ring, it cen be removed in one
piece with the disc, leaving the cuter ring, knife ring ond lower lend washer

undisturbed for further use.

4o The Electrcde Figed1 Parts 9 tc 17

The design of this ccmponent is ccmmcn tc all the equipment used in the
Colcrimetric Secticn. The unit is complete in itself and is secled into the
head of the bumb by means c¢f a ccpper washer. It consists of ¢« stem of mild
steel insulated frcm the bcdy by means of an ebonite tube cnd kept in
pcsition by twe tufnol washers, The inner end of the stem is cnlerged in
diometer, with a gep between it and the body which is filled with « fire-
procf cement. In practice, prcviding the free surface of thc ccment is
repeired when occesicn ariscs, the electrode should last for the life-time of
the vessel without replacement.
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5. The Outlet Valve Fig.1 Ports 18 to 22

This velve is of o modified 'cone'! typee It is to bc noted that the
scoting is countersunk conically and thot the conc fits loosely into the
spindlc, thus being frece to adjust its line of centrc¢ to that of thc scoting.
The coac is moade of mild steel so thot such permencnt distortion cs tikes
plece is divided unequelly between the hard scnting cnd the softer cone, the
latter being the easier tc replace.

6o The Confining Vessel TFige! Part 10 Fig.3

The confining vessel which houses the explosive charge is made from mild
steel tubing. The detcnetor is held in position by o steel holder ond
projects to the base ¢f the exploder pellet as indicateds  The charge is
either in the form of pre-pressed pellets or is cast directly into the vessel,

B. The Auxiliary quorimetric Equipment

1. The Colcrimecte., Fige2 Port 1

The coalcrimeter wos criginally made of copper reinforced with stecl
bonds. It was found, howcver, that the shock woves trensmitted through the
vesscl ccused distcrtion and finelly freocturc of the brnds, The prescnt
design is in form of o steel tubc of § in. wrll thickness with o 1 in. thick
bose welded one  Three steel strengthening bends 6 in. wide rnd £ in. thick

&

ore welded round the middle of the outer wall of the cclorimetcer.

During an expcriment the calcrimeter contains the closed vessel ond
26,000 ccs, cf woter and is closed by meons cf o copper lide On firing, the
weter ¢s thrown into o state of viclent turbulence, ond it is therefore
impcrtont thet the 1id should be sufficiently tight-fitting to prevent any
apprecicble quantity of water being cjected into thc spece between the vessel
and its water jecket,

4 mothcd of stirring by ccntinuous flow is employed, by which the water
is roised by the rbtotion of propeller blades in on cxternal housing «nd shot
tongenticlly into the tecp of the cylinder in which the closcd vessel is
pleceds  The speed cf retation of the bledes is 500 rovs. /mine

2, The Water Jacket Fig.2 Part 27

The calcrimeter stands inside a water jacket or tank on a heat-insulating
platform made of ebonite with fcur short legs cf the same meterial, There is an
air gap obcut two inches wide between the inner wall of the jackct and the
suter well of the calorimeter, A simple prcpeller-type stirrer rctoting ot
100 revs./min. is employed to maintoin the water in the jacket in circulcotion.

The jocket is lagged cn the cutside with thick felt in order to
insulate it os for os possible froem the losses of heat to the atmesphercs In
proctice, however, the cffects of the room temperature on that of the tank arc
fcund to be apprecicble owing tc the length of time needed to complete o trial.
In order tc compenscte for them, o 100-wott lemp connected to o rhcostat is
particlly submerged in the tonk as well os o watcr-cooled coil, By mecns of
these it is possible tc maintain o stecdy temperature in the tonk throughout
the experiment to within & 0.050°C,

The woter jocket hos o well-fitting light wooden 1lid with supports to

which the thermomcters used tc measurc the temper:ture risc in the
colcrimeter con be clomped.
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%s The Thermometers

e e

Mercury-in-glass thermometers are used to record the temperature changes
in the calcrimeter., They are nitrogen-filled and are graduated in hundredths
of a degree C. in the range 12 to 2, degrees. By means of & megnifying
eycpiece they can be read to 1/1000 th, of a degree, The probeble error of
celibration is not more than 1.2/1000 ths. of o degree, The rise in
temperaturc in the calorimeter being usually obout 2 degreess  This order of
precisicn of the thermrmeters is in excess of the overall accliracy of
the experiment which cannot be considered to be better thon one per cent.

Cs Details of the Experimentsl Procedure

1« Assembly of the Confining Vessel Fig.3

The chorge is locded intc the confining vessel in cost cr pelletted form
accerding tc the nature of the explosive under test, followed by the exploder,
The lotter is in twe parts (a) o pressed pellet " long, which rests on the
moain cherge, followed by (b) o pellet 4" long perforated tc accommodnte the
detenctor, usually No.8 A.S.A, electric in an aluminium sheaths

As o confining vessel of stondord length is cmployed, any empty spcce
below the main charge is filled up with a steel plug, cnd the cnd cep screwed
on. The detonator, in its holder, is slid into position and held in ploce by
the top scrcwed cap, through which the detonator leads cre poassed. The two
supporting rods ere then assembled and their frec ends securcd to thc ccntre
disc of the boffle plate with nuts, The leeds ore threcded through the hole
providcd for the purpose.

2. Assembly of the Closed Vessel and Calorimeter System

The bomb is strapped to the walls of the laboratory with steel hoops and
the head of the vessel, its circular groove having been previously filled with
solder, is suspcnded by mcans of block and tackle over the open ends The two
outer rings of the baffle plate, thc knife ring and the lead sealing washers
are assembled and the centre disc with confining vessel attached is screwed
into position and the detonator leads connected to the terminals, on the
inside of the head. When the head has been slowly lowered into position, the
twelve studs are tightened down in peirs diagonally across the bomb so thrt the
head is evenly stressed. The tightening is repected ofter an intervel of
2 to 3 hours, ond cgoin ofter leoving the bomb overnight.

The tank temperature is first adjustcd to 20,5°C cnd the room to 20,8°0C.
The closed vessel is evacuated to o pressure of not morc thon 2 mm, of mcrcury
end charged with mitrogen to a pressure of between 50 and 100 mm, above
atmospheric; the pressure is carefully measured. The excess nressure is a
precaution against water being drewn into the vessel in crse it is not
ohsolutely gos-tight. When the bomb has been lowerecd into the cclorimcter
and the firing lcads connected up o volume of 26 litres of cold wrter is
introduced from greductcd vessels. The stirrer is run for cbout 20 mins.
After 20 litres have been added, the remeining 6 litres are then used to adjust
the initial tempercoture to the desired value, This is so choscn that the finel
temperoture in the colorimeter is at lecst 2°C ond not more than 3°C obove the
steady tonk tempersature, Under these conditions o rising tempercture in the
cclorimeter is ensured throughout, thus reducing crrors due to stiction in the
thermometers. The reasons for the choice of the temperatures of tenk,
celorimeter ond room ere discussed in the next porsgraph. Jhen the
temperctures have been cdjusted the covers arc placed in position cnd the
epparctus is allowed to stond for otleast three-querters of on hour,
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3. Temperatures of Tank Calorimeter and Room

In selecting the initial calorimeter temperature and the steady
temperatures of the tank and room it is necessary to consider the mode of hecat
transfer in the system as a whole,

Figure 4 gives a typical time-temperature curve for the calorimeter
during on experiment, 4B and (D represcnt the steady temperanture rises
before ond ofter firing, whilst BGC covers the heating period, aoftcer firing,
when the heat of detongtion is being transmitted through the walls of the
closed vessel to the calorimeter cnd contents.

During stcady temperature riscs in an idecl system, the differcnce in
temperature between the tank and cclorimeter, should alone control the rate of
rise in the calorimcter, heat being transferred ncross the eir gep betwecn
them, by conduction and rodiation ond to o minor extent by convection.

Figure 5 line 1 indicotes the relationship which should exist between these
factors of temperaturc risc.

In the apparatus, being described in this report, the ideal system is
not attained. The mein imperfcctions being that:-

(a) The air gop between the tank and calorimeter is at least 4 cms.
instead of 1 cm. as recommended for stondard equipment, It is
unfortunate that this gap cannot be reduced but provision hes to
be mede in the design, for the movement of the calorimeter on
firing duc to the effects of the detonation :nd for the re-
inforcing bonds which projcct from the wells of the celorimeter,

The cffect of the wider cir gep, is to increasc the proportion
of heat tronsferrcd by convection. The pettern of these free
convection currents cre affccted at the top of the system, by the
room temperature. The nein effect of room tempernture could be
removed, of coursc, by insulating ond hermeticelly sealing the
1id into the tank, In event of a 'blowout' ot the valve or
electrode, with the resulting increase in pressure, such o closed
system would bc ruined, whilst as it is designed ot present the
light wooden 1lids to the tank would be blown off without serious
damoge to the rest of the toank equipment,

(b) The tempercture measurcments of the weter in the tank ond
calorimeter do not indicote cccurately the true tempereture of
their outside wolls at ony given time. This is due pcrtly to
the difficulty in obtaining o stirring system copeble of
removing oll temperaturc gredients in on spperntus of the size
under consideration and clso to the thickness of the walls of
the ceclorimeter,

(e¢) Thermal lecknges into the system occur; c.g. between base of
celorimeter and tank.

(d) Heot is generated by the stirring.

Some of the effects of poor stirring con be nullified by placing the
thermometers in the some position and et the scme depth for oll experiments
including those from which the wator equivelents of the system are
determined, However, the rcomaining imperfections are such that a plot of
the rate of risc in the calorimeter ogeinst the difference in temperature
between tonk and colorineter as shown in Figure 5 line 2, is entirely
different from thot expected from an ideal system.

5



The method of computation of net temperature rise discussed later in
Scction D applies providing a linear law of hecating is applicable, It will
be seen in Figurc 5 thet this is only the case over the range of tank-
calorimeter temperatures =0.75 to + 2.75°C and in consequence the initial
temperatures of tank cnd calorimeter have to be chosen so that throughout the
experiment the measurcments arc covercd by this range of tempcretures.,

Fig,5 clso indincotes that the proportion of the rate of rise in the
calorimeter duc to couscs independent of the tenk and salorimeter temperaturcs,
is large in comperison with that duc to the influence of the tank temperature.
The megnitude of this cffcct is indicated by the rate of rise in the system ot
zero Tenk - calorimeter tcmperature, However providing this effect crn be
kept constant throwghout the experiment it will not a«ffect the computation of
the nct temperature rise., (Sce Port 1 Scction D),

This is done by standardisation of cll frctors on which the risc in
tomperature in the colorimeter depend, i.c. rotc of stirring, position of
closed vessel in the calorimeter and calorimeter in tenk snd the tempernturcs
of various parts of thec systcm,

Thereforc the tenk tempercturc is always fixed at 20.5°C, cnd the
initial temperaturec of the calorimeter is chosen so that the final steady rise
in the celorimeter will tcke place between temperatures 21° and 21.25°C,

Under these conditions the rise of tempercture in the colorimeter will be very
slow during the after firing period, but this will be an advantoge in
determining the time when the fincl steady period commences,

The room temperature is kept as constant as possible at 20,8 which
corresponds to the mean temperature of the cir grp during the long fincl
steady rise in the ealorimeter,

4y Tempercture Readings

Reedings are taken on two thermometers, These arc first placed in
iced water for o few minutes to bring them to a standard state and then
clemped in position in the calurimeter to o stonderd degree of immersion for
recasons stated in Scction C.3., . Readings of the pre-firing temperature range
are made on each instrument clternately at half-minute intervals for about
45 minutes, the thermomecters being tapped before reading. They ore then
removed from the room and the charge is fired by remote control.

The thermometers orc then chilled again and replaced ot the temperature
ot which they werc removed. Readings ore started agein immedictely ond
continued at helf-minute intervals on each thermomcter for ebout ~n hour
ofter which they are reduced to once cvery five minutes to the c¢nd of the
experiment, usually for 4 or 5 hours, The temper:tures of the wrter jockct
and room arc read cvery 5 minutes throughout the cxperiment,the weter jocket
being maintained ot its initiel temperaturc by mecns of heating lemp or
woter coolcd coil.

D. Computotion of thc Net Tempergture Rise

Figure 4 shows o typical temiperaturc-time curve for on H.E, firing,
ABGCD represents the temperature of the orlorimeter during o determineation,
the charge being fircd ot time to,. Over very smoll renges of tempercture
difference such as occur betwecen the calorimeter, the tank and the
surrounding eir, o linecr low of heoting represents the effects
appropriately, os indicoted in C, (3) cbove, The ocmount of rodiant heat
that is odded to the systerm in time & may be token as K(65 - 6) &, wherc 6
is the varicble tempercture of the system ond @g is a steady temperaturc
defincd by the tempercture of the tank cnd of the surrounding rir. To
this must be cdded o term A 6 wherc 4 is thc uniform rote ot which hect is
generated by the stirring, or other similar ccuscs.
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The quantity of heat which passes intc the system from outside between
times t4 ond t5 is thus given by the expression

where 6 passes clcng the line ABGCD, that is to say, it is proportional to
the arec ABGCDNHA.

their slepe is on impertant featurc ¢f the measurements.

In proctice 4B ond CD arc straight lines, ond the determinction of

“Then the curve heos

becen plotted o line FE is chosen such that the arens BEG and GFC cre equnl,
The amcunt of heat passing intc the system from outside is thus proportionecl
tc the sum of the arecs AHLE and FLND.
rise which is duc to heat gcnerated within the closed vessel is necessarily
ot which the measurements arc begun

independent of the exact times ty

and finished.

lines ABE and DCF without altering the value of the ccmputed rise.

and 'b5
Points 4 and D may therefore be moved tec ony positicns on the
When

The portion of the total tempercturc

they are thus moved tn the positions E and F the rodiaticn effects (erecs

JHLE nnd FIND) become zero.

to the initial ond final temperatures rcspectively.

EF is therefore the computed risc.

The rote at which heat is gencrated by stirring etc. is kept steady
threughyut on experiment ond its cffects on the measurcd tempersture risec
ney be cxpressed os L(t" - t') where t' ond t" are the times correspcnding

In the proccss

discussed in thc preceding paragraph t' = t" = &z, so that alt" = &) is

zZero;

automatically eliminated.

E.

equivalents

Determination of the Woter Equivalent

by this process, therefore, the effect of constint hecting is

In t»= ccurse of cleosed vesscl work with propellents the water

of spccicl vessels of stoinless steel, which cre used with

systems much smaller than the HE equipment, are stonderdised by the
combustion of stondord somples of benzcic acid (supplied by the U,S, Bureru
of Stenderds) ond selicylic ccid ond using the accepted heats of combustion

of thesc materials.
cf propellonts are then determincd in terms of these water equivalents,

The colorimetric values of ccrcefully prepored scmples

The

stendoerdiscd propellents arc then used in the celibration of new equipment, and
Toble 1 below gives the results of three recent weter cquivelent determinctions
cf an HE assembly obtained in this woye.

Icble 4
1 2 3 4 9 6 7 8
Weight of|Theareticel|Correction |Correction | Totel Theoretical |Measured|Tater
Chorge |heat at for initial|for CH), and Correct=-|heat rise |Equiv.
957 col/gm. |oir in NHz,formed | ions corrected
vessel ond
igniter
Gme Cal. Cal. Onle Cal. Cele 20 Gme
140 133980 12285 363 12648 146630 1. 996 73460
140 133980 12285 363 12648 146630 1. 996 73460
289 276573 12160 290 12450 289025 | 34952 73140
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The exnct ogrezment between the first two experiments is of course
fortuituous, but it is cstimated that the accuracy of the results
does not excced 0.5 per ccnt,

Experience shows that, oport from any deliberate nlterations in the
thermal capacity of the system, thc water equivalent changes little as the
result of repeated firings. Some loss of steel from the internal wells of
the bomb due to scoring and erosion is incviteoble, but this can be allowed
for, if apprecicblc, when the copoacity of the bomb is mecsureds It is
considered to bc o wise prccaution, however, to cerry out o check test of
the watersequivelent ofter, soay, 50 firings.
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PART IT. THE EX.MINLTION OF THE PRODUCTS OF DLTONLTION

Introduction

Port II of this rcport describes the procedure nfter the calorimctry
has been complcted. It deels with the measurcment of the volume of the
gascous products and the collection of samples for analysis, and gives o
general outline of the methods of analysis employed.

Lo Measuremcnt of Gas Volume and Collection and Sompling of Products

The volumc of gas ot N,T.P, produced by the detonation of & high
explosive is usuclly of the order of 1 litrec per grom. Sultrble measuring
vcssels are provided by two calibroted porcelain corboys of 110 litres

capacitys. They are well protected from drrughts ond meinteined et e feirly
steady tomperature,

To measure thc gos volume the bomb is removed from the cealorimeter ond
connected to the carboys and o mercury menometer via the two-woy tep of a gos
sampler, In eddition threc bottles of measured copacity (sbovt 1 litre each)
are connected to side arms to cneoble gas somples to be taken from the carboys
ot the end of the experiment; these ore used for the volumetric analysis of
the bye~products ammonia, hydrocyanic acid and cyocnogens  The carboys and
bottles are evecuated to o measured pressure of sbout 2 mm. Hg and the gos
sampler is filled with mcrcury, With the connections to the sampler ond
bottles closed, gos from the bomb is cllowed to flow into the corboys ot such
o rote that the pressurc riscs to half its final value of cbout 50 cm. Hge in
onc minute. When the pressure in the carboys hes risen to 25 cm. of Hg. the
flow of gos is diverted into the sempler, in which epproximetely 250 ml. is
collected, By the cid of mercury. reservoir nttached to the sompler the final
pressure in it is built up to a pressure of 100 cms. of Hg. This prevénts
eny leak into the sampler. 4t the end of the experiment the actual volume
of gas at N,T.P. ccllected in this way is measured, The rest of the gas is
then allowed to flow into the carboys, and pressures and temperctures cre
read until steady values ore obtained.

From this data, the totel volume of grseous products,corrected to
N.T P, con be calculated as distributed between the bomb, the corboys and the
sampler, The bottle samples are taken by closing the v~1ve on the bomb ond
cllowing gos to flow into them from the corboys, pressure and temperaturc
being noteds  Each bottle contcins cbout 1 litre of gas at o pressurc of
approximoately 50 ocm. Hge .

After the gos hos been withdrewn as described ebove, the closed vesscl
hos o negative pressurc, This cncbles 250 mle of water to be drawn in
through the valve, The head ond boffles arc then removed ond deposits of
soot cte. are woshed into the bomb, = The walls are also thoroughly washed
down and all woter and solid particles ore sucked out cnd lorge frogments
removed by hande Recogniscble remeins of the confining vessel are rinsed,
dricd and inspected as o criterion of a satisfrotory order of detonction.
The residue of soot, stecl particles etce. is filtered from the wesh-woter,
dried and added to the vessel freopgments, It is convenient to store the
solid residuc in two portions which pass and do not prss a 30-mesh sieve
respectively, in case the finer particles are required for analysis.

This method of gas sampling and volume determination has %o be

modified if o grovimetric dctcrmination of the water of detonation is
required, (Sce Section D2).

%
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B, Analysis of the Gaseous Products

The analysis of the gaseous products of detonation is carried out by
methods evolved by Dr. H,R. Ambler,formerly of this Establishment. They will
be found in detail in "Technical Gas Ahalysis" by Lunge and Ambler, published
by Gurney and Jackson. The analysis is done in two stages

() for methane and nitrogen by perticl combustion me thods,
(b) for ncid gases (principally carbon dioxide, but including cny
hydrogen cycnide and cyanogen), onrbon monoxide ~nd hydroecen

by absorption and combustion methods.

e Methene and nitrogen

A measured quantity of gas of about 4O ml, is expanded under reduced
pressure ond slowly passed through o furnacce tube at 295°C, , packed with
esbestos impregnated with copper oxide and backed with soda-lime and calcium
chloride. This operation effests the oxidation and/or absorption of all
geses with the exception of methone and nitrogen, The volume of these
residual gases is measured and they ore then transferred to another appere tus
and combusted with cir by meons of 2 hot wire maintoined nt bricht yellow
heat. From the resulting contraction due to methene burning to cerbon
dioxide and water the percentages of methane nnd nitrogen in the originsl
somple are determined.

e Acid goses, carbon monoxide and hydroqen

These goses arc determined on o further sample of about 15 ml. The
ecid geses are obsorbed in potessium hydroxide and the carbon monoxide in
emmoniacal cuprous chloride, The bulk of the hydrogen is removed by
sparking with excess of air and the remainder by burning with o hot wire at
bright yellow heat, The methane will also burn with the hydropen ond it is
therefore necessary to remove and measure the resulting carbon dioxide after
combastion. From the verious gravimetric and volumetric measurements the
percenteges of the constitucnt goses con be calculated. The residue is
token to be nitrogen,

Since the true volume of the nitrogen in the geses is of importcnce in
the treatment of the finel results, especinlly if there is ¢ possibility of
metollic nitrides being formed in apprecisble quentity, it is desireble to
check the velue arrived at by difference as described cbove, The sum of the
percentopges of methone and nitrogen from stace (1) and of acid gases, Corbon
monoxide ond hydrogen from stage (2) should totel 100.0, snd in prectice this
fipgure does not normally vary by more then O, 2. If o wider difference is

found the analysis is repeated.

Os Volumetric Analysis

1« Ammonic, hydrogen cyasnide and cyanogen in gaseous phasc

(a) Ammoni¥ is estimated by cbsorbing the gas in one of the bottles
referred to ebove in 25 ml. of stondardised, opproximately 0.1 N
sulphuric acid and titreting with opproximately 0.1 N coustic
potesh solution, using bromophenol blue as indicator, The ccustic
potash solution is previously stenderdised eogoinst the ccid.

10.



(b) Hydropen cyocnide and cyansgen ere estimated in combinntion by
cbsorbing the ges in the second bottle in 0.1 N caustic potesh cnd
titrating with standordised 0,01 N silver nitrcotes The indicrtor
uscd is o solution of potassium iodide.

(¢) In the third bottle hydrogen cyanide alone is cbsorbed in 25 ml. of
0.01 N silver nitrate solution previously acidified with o littlec
dilute nitric ccid. This is bock titroted sgeinst cpproximetcly
0.01 N emmonium thiocyanate, previously stonderdised, usine cos
indicator a solution of ferric alum. 4s o check on the
volumetric rcsult, the precipitate of silver cyamnide moy be
filtered, dried and weighcd.

2, Products in solution

The volume of the wash-water from the bomb, usually amounting to
between 800 and 1000 ml.,, is measured. It moy contaln ammonium
bicarbonete, ammonium cyanide and hydrogen cyanide.

Total ammonia present can be determined in two ways, (1) by titrating
25 ml. portions of the solution with standerd 0.1 N sulphuric scid or (2) by
distilling 100 ml. portions of the solution with caustic soda solution,
collecting the ammonia gns evolved in standard 0,1 N sulphuric ccid and beck
titrating ogainst coustic potash of known strengths Totel hydrogen cyanide
plus cyanogen is estimated by adding 25 ml. of the solution to 25 ml. of 0,1 N
ccustic potash solution and titrating with silver nitrote s in (1) (b) ebove.
Similerly totol hydrogen cyenide is estimated os in (1) (¢) «nd totel eycnoren
found by difference.

The ommonia determined in solution is taken as being. prescnt os
armonium bicarbonate.

D. The Water Content of the Final Products

1« Theoretical cstimation

When the products heve been analysed, the amount of oxygen thus
accounted for is compared with that known to have been present in the charpe
and booster bef'ore firing, With charses consisting of orthodox non-
metallised explosives the hydrogen and oxygen content of the final gnseous
and 'solid products is-inveriably in defoult of that introduced originelly.
Owing to the reducing noture of the final geses it is assumed that the
"missing" oxygen can only hoave formed watsr, the quantity of which is
estimated accordingly. The "missing" hydrooen can elso be token as heving
formed woter and effords o further method of its estimation, Thereforc o
mean of both values is token,

2. Quantitative Estimation of Water

The water present in the final products is of course, condensed in the
closed vessel. In order to measure it quentitatively, o weighed glass
spircl immersed in o freezing mixture and bocked by tubes conteining
phosphorus pentoxide, is inserted between the bomb and the sampler during
the collection and measurement of the gases as outlined in Part IT parc. i
The increcse in the weirht of the spiral and backing tubes during the
experlment is token to be due to woter cnd ammonia from the vessel, The
lattar is estimcted and corrected for, By heating the closed vessel during
the dollection of the water considereble time con be saved, This c¢cn best
be Anhe by immersing the closed vessel in hot woter, in the colorimeter,

11.



It will be eoppreciated that direct determination of water is o somewhot
loborious operation. The theoretical estimation of its equivalent to the
"missing" oxygen and hydrogen has the merit of simplicity, ond experience
shows thot the result is generally suffioiently accurate. The weokness in
the method undoubtedly is due to the fact that some of the grses will
undoubtedly be absorbed by the soot and steel dust cooling from high
temperature i1 the closed vessels 4ny serious errors in the estimetion
are however cleao.sly shown by the degree of "heat balance" obtained at the
end of the computation of the results.
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P4RT ITI  C4LCULLTION OF RESULTS

Introduction

Parts I ond II of this report have outlined the experimental proccdure
to estimate the totol heat and the products evolved on the detonation of o
charge of high explosive in the closed vessels In Pert III the methods of
interpreting these dote ond expressing them per grom of the main chorge are
illustroted by reference to results from four firings of common explosives.
These ore tetryl, picric acid, R.D.X./T.N.T.,50/50 and T.N,T, They were
detonated in steel confining vessels of 1/4" well thicknesss For tetryl
ond picric acid the exploder pellets were mode of the some explosive os the
main charge ond pressed to the same density, Wwith R.D.X./T.N.T, cud T,N, T,
however, the exploder pellets were of & very low density. Satisfectory
detonotions were confirmed by exomination of the steel fregments of the
confining vessel. The detonators used to initinte the explodecrs were
dommercial Noe 8 4eS.A, The sheaths of these contein 0.88 grms. of eluminium
and os only a small proportion of the sheath projected into the exploder
pellets, the rest being encased by the detonator holder half the sheath is
assumed to be oxidised to £103, the rest remoining as aluminium.

The effects of the small amount of styphnate ond azide are neglected,
the explosive content of the detonator being taken as 0.5 grms of totryl,

L The Lnalytical Result Sheet

The analyticol rosult sheet (Tobles 3, 5, 7, 9, appended) sets out in
successive columns (n) the percentages of geses measured, (b) these
percentepes adjusted erbitrerily to total 400,00 and (¢) the volumes of the
individual gases contributing to the total mecsured volume ot N.T.P, The
column headed "Total Gascous Products" gives the volumes both in litres
corrected for minor products end those found in solution.  Thus, "pases sole
in KOH" cre corrected for HCN, CoN, and NHLHCO3 cnd the result is-expressed os
corbon dioxide; caorbon monoxide is edjusted for cmmonis in the geses os the
latter will have been aBsorbed with the CO in thc reos enelysis cpperatus;
ammonic is the totel NH) redicel in bicerbonate, cycnide, etc.

In the centre portion of the toble the emounts of cerbon, hydrogen,
nitrogen and oxygen determined in the anelyscd products are subtracted from
the ultimate molor composition of the original system which has becn inserted
ot the foot of the tcble. The resulting untraced oxysen is first reduced by
the emount required to combine with Ou4l e of oluminium of form 1203 ond the
remeinder is assumed to have formed water; likewise, the untroced hydrogen is
assigned to water as expleined in Port IT. The coarbon difference is teken to
represent the amount of solid carbon (emorphous) which separates out in the

reaction.

.s o check on the overall experimental accuracy, the theoreticrl heat
balaonce, colculated from the heats of formetion of the recctonts cnd products,
is finally entcred in the table and compored with the mecsured heats The
oprecment is not exact, but the discrepency should not normally exceed 2 per
cent.

Be. Calculation of the Heat and Geses of Detonation

1. Preliminary adjﬁstmcnts

Beforc beins eble to cxpress the heat and gases in terms "per pm, of
explosive" certein adjustments have to be made to the measured figures
(These ore set out in tebles 4, 6, 8, 9 and 10) (o) for the initial
otmosphere of nitrogen and for the minor products which ere formed during
the loter stoges of detonation and are affected by the conditions of firing

13
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i.e., surface reacticns on the steel walls of the closed vessel and (b) for
the contribution made by the detcnatcr itself. . The exploder pellets are
classed as part of the main charge anéd in consequence no corrections for them
are applieds Whilst it is recalised that the mcde of detcnation of the low
density pellets will be different from the main charge, the magnitude of such
differences will be small, when the results are expressed "per gram ef charge"
as the ratio of main charge to exploder is usually greater then six to one.

2. Minor Products

(a) A small correctidn is opplied to the measured heat for the
. formation of smmonium compounds (in this case bicarbonate)
from their constituent gases.

(b) The small amounts of methane and ammonia eare reckoned as
carbon, hydrogen and nitrogen and the products adjusted to
be methane-free and cmmonia-free cnd allowance made for
their heats of formation, While it is possible that these
two by-products are the result of seccondary reactions
involving some of the other gnsecous products, it is
unlikely that the trus correction would differ from that
based on the simple assumption of decomposition into their
elements to such an extent as to affect the final rcsult
appreciably.

%, The detonator

As previously stoted this is assumed to contain 0.5 grms. of tetryl.
The heot ond goses from this explosive are token to be proportional by weight
to those of the charges of tetryl illustrated in Tables 2 and 3.

0.4 grms of the aluminium detonator sheath ore ossumed to recct with
the wnter formed from the charge, aluminium oxide being produced, viz:

2 AL + 3Hp0 9 A1,0z + 3H, + 3597 cals/grm Al os A1503

The total heat and gases are adjusted accordingly for these effects of
the detonator. The standard correction applied is given in full in Table 2.

L. Final evaluation of the results

In Tobles 3, 5, 7 and 9 these corrections are applied in stages to the
neasured heat and gases, and the result reduced to unit weight of charge in
order. to facilitote comparison between different explosives. These results
refer to stendord temperature and pressure, woter liquid. At 100°C and
upwords, however, they are considerebly modified when water is oresent in
opprecioble quentities ond it is usuol to express the results in an
elternative form, i.c. woter gaseous, by increasing the gases by the
volume of the water vapour and diminishing the heat by the heat of
vapourisation of the water,
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TABLE 2

Effect of Detonator Case and Contents on
the Heat and Gases of o mein charge,

002 co Hy Np 0| HO Total Total Bamiried
Gas Heat
WoL. W.LI »
mls | mls | mls | mls mls mls cals | Abstracted from Teble 4 i.c.
Heat ond Geses from 4 grm
119 | 297 86 | 187 | 130 99 689 1154 | of Tetryl
60 | 148 43 93 65| 49 34 577 | Heat and goses from 0,50
grms Tetryl
Effcct on Products of
548 -548 548 1583 | 044 gimns sluminium in
Dctonator crsc 41,0
275
Total effect of detonctor
€0 | 148 | 591 93 65 =439 892 R0 ond contents (tetryl)




TLBLE 3

LNALYTICLL RESULT SHEET

Charge: 47.5 grms Tetryl (Density 1.50) Detonated in 4" steel
Exploder: 16,7 gms Tetryl (Density 1.50) well confinement
Detonator; No.8 ASL containing 0.50 grms Tetryl
Adjusted Total Goseous Products
Lnalysis % Volumes (inc. those in solution)
Composition mls, mls,
GAS Sol in KOH 13,29 13,30 7200 |00 7200-35+530 7695
co 5551 355653 19240 | CO 19240 19240
Hp 8.19 8.19 L4435 [Ho L4435 4435
CH), 0.73 0.73 395 |[CHyR 395 395
No L2.25 342525 22875 |No 22875 22875
NHz35 35 |NH;35+530 565
HCR 35 HON 35 35
CoNo Colip
TOTLL 99. 95 100. 00 54180 55240
SOLUTION 4ime Bicarb 530 = Totel
Ges
4m. Cyanide Volume
C H N 0 Calculated hecat Cals
2 2
mls, mfs. mls, (=) (+)
7695 L4435 22875 7695 COo
19240 790 285 9620 L4 2165x7695 32446
395 850 15 co
35 15 1.1982x19240 23053
55 CH
27365 6090 23175 17315 | otaauzx 05
35335 12615 25705 20185 | - ASEs2 :
7970 6525 530 2870 O.3 4911x565 277
ag Hs0 to HCN
of 5192 & 2150327 -143705x35 48
L1 00 \ — | Coly
Mean 5858 - 2596 Zm, Bicarb.
Mls Hy0 =5192mls| 0. 9991530 530
Hp0 im. Cyonide
Hy0
Ultimote Composition mis, 3, 0522x5858 17880
CH.RGE o Hy N, O, £1203
. 7389%04 Lk 3251
47.5 gmsg 6la7 gms ‘;1203 .
16,7 " ) Tetryl 35333 12617 12617 20187
0; 50 " ) b ot i W s o 311090 LN
: C Diemond
23707 to Lmorphous 622
- 0.0761x7970
Aluminium Detonator Sheath i!Nz in vessel H.F. Tetryl 1672
. = 0,88 gms, il of which Tnitially e 254 85x647
Baleonce 78761

cf, Measured 77,300 cals
Heat
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TLBLE 5

LANALYTICAL RESULT SHEET

Sherge: 80 grms Picric acid (Density 1.70)
ixploder: 19 grms Picric icid (Density 1.50)
detonator; No.,8 iS. containing 0.50 grms Tetryl

Detonated in 4" steel
wall confinement

AdJjusted
Analysis % Volumes Totel Gaseous Products
Composition mls (inc. those in solution)
mls
GiS Sol in KOH  23.59 23.57 16795 CCp 167954655 17450
cC 23463 23,60 23940 CO 23940 23940
Ho 7411 7.410 5060 H, 5060 5060
CHL;. 0. 31 0. 31 220 ), 220 . 220
N 35.45 3542 25e25 N, 25235 25e35
Nﬁ 25 mls 25 Nﬁ 25+655 680
HOW HCR NIL
CoNo CoNo NIL
100, 09 100, 00 11275 72585
SOLUTION £m. Bicarb 655 mls =Total
4m, Cyanide NIL Gas
ColNp NIL Volume
C Ho N, 0o Calculrted Heet Cals
mls S mls (=) (+)
17450 5060 25235 17450 1005 L 2465x17450 73578
23940 1640 340 11970 " |co
220 1020 1.1982x23940 28685
7670 | €520 7575 | DRI . |, g .
58345 14620 26710 34035 0. 8143x220 179
16735 8100 1135 4615 NH3
= Missing |eas Hggs to g 0, 4911x660 33
crbon cf 2 - : 41,0227 HCN
as soot - <\“-\ 2—2——— CoNo
Mean B B2l Bicard
HoO 8391 ™ 8682 ml, | 0.9991x655 654
of Ho0 Am. Cyenide
H,0
%.0522x8391 25611
4150
0.42x7389 3251
Ultimate Composition mls 31203
CH/.RGE c Hp Ny 0p [4IN
80 gms) Picric’ < Dlamind
99 gms ~ 80 14523 14523 3387q 4morphous
19 gms) g rcid 58073 14523 14523 33879 0.0781%16735 1307
0.50 gms Tetryl 273 98 98 156/H.F, Picric .icid
: . 215,07x99 21291
TOTLL 58346 14621 14621 3403y . Tetryl
#412089 | -25,85x0. 50 13
26710 22598 132305
Belance 109707
4luminium Detonator Sheath Measured Heaot 109700
= 0,88 gms of which 0.4 gms 41503 cf
% No in vessel Initially
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TiBLE 7

LNALYTIC..L RESULT SHEET

Main Charge: 97.81 gms T,N.T. (density 1,58)

Exploder: 16.7 gms T.N,T., (density 1.35) Detoncted in %" steel
Detonator: No. 8 i.S.4. conteining 0,50 gms Tetryl wall confinement
Ldjusted
Lnelysis % Volumes Totel Geseous Products
Jomposition mls (inc. those in solution)
mls
§ﬁ§_ Sol in KOH 15.78 15. 81 12,130 C0o 12130+1110-70 13170
a0 3549 35. 56 27,280 CO 27280 272380
%ﬁ 12,11 12443 9,305 | Ho 9305 9305
H), 1,06 1.06 815 | CHy 815 815
N, 354 38 35 4ty 27,190 | No 27190 27190
NHz 45 45 | NH3 45+1110 1155
HON 70 HCN 70 e
CpNo ColV2
99.82 100,00 76,765 76905
SOLUTION &m. Bicarb 1110 = Toteal
ime Cyanide Cas
32N2 Volume
C ~Hp No 0o Calculated Heat Cels .
mls . mls mls mls (=) (+)
13470 9305 27190 13170 | CCo
27280 1630 550 13640 | 1, 2165%13170 55531
815 14255 b ) co
o 22 KR 1.1982x27280 32687
41335 12705 27805 26810 GHA— 0. 8143%315 66l
19320 28335 20065 | 3kOLO |y
37985 15630 1240 7230 3
os soot as HpO to Je1911x115 567
4150227 |HON
of 13912 == =1+ 3705%73 96
14771 —— | =
Mean Hy0 ~= 13912 |.m, Bierdd
i il mls, Hp0 7.9991x1110 1129
Hp?
3, 0522x14771 14578
: ek L1203
‘ Ultimate Composition :nls .7389XQ.AA- 3251
CH.RGE C H, Ny Os 1903
&LIN
97.81 gms T,N,T, 675186 24130 144,66 20942 ¢ Diemond
16,70 gms T.N,T. 11528 4118 2470 Lok2 Zmorphous
0,50 gms Tetryl 273 98 93 156 0:0781x37985 2967
79319 28336 1703k 34OLO |y p T,N.T,
#1204 2 664 15%11 L0 51 7604
29046 H,F, Tetryl
~25,05% % 50
Lluminium Detonator Sheath SRR 17667 1369%2
= 0,00 gms L1 of which Balence 120739
Dby gms A12“3 # Tnitial Nitrogen * i a
of measure 127,270

heat
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ANALYTICLL RESULT SHEET

TLBLE 9

oin Charge: 99 gms R.D.X./T.N.T, 50.15/49585(density 1.68) Detonated in 1" steel
ploder: 16,7 grms RDX/TNT 50/50 (density 1.40)
etonator: No.8 .,S..4, containing 0,50 gms Tetryl

wall confinement

AdJjusted
inalysis % Volumes | Totel Grseous Products
Composition mls. (inc. those in solution)
mls,
4S Sol in KOH 14439 14439 12080 002 12080-75+1465 13470
Cco s 28. 94 28, 94 24,290 CO 24290 24290
H2 11,68 11.68 9805 Ho 9805 9805
CH), : 0. 66 0, 66 =555 GH4 H55H 555
Ny 44, 35 L4h,33 37210 N, 37210 37210
NHz55 55 |NHz 55+1465 1520
HON 85 HOR 85 85
CoNo 02N2
- TOLL 100, 00 100, 00 83995 86935
{OLUTION Am. Bicarb 1465 - Tofal
Am. Cyanide Gas
02N2 Volume
C Ho N2 02 Calculated Heat Cals
mls mls mls mls (=) (+)
13470 9805 37210 13470 | 00y ‘
24,290 1110 760 12145 L. 2165x13470 56796
095 2289 45 co :
85 45 » 1.1982x24290 29104
BEEUO 13240 32012 25615 CH48
57648 31872 3 éO . 34775 0. 8143x555 52
192) 18632 91 9160 NH3 .
1s soot as Hp0 to 0.4911 x 1520 746
- * 41503274 | HON |
TR : 1.3705x85 116
o | . % | Oy
H20 18157 mls. = 17772 Am, Bicarb
mls, Hp0 04 99911465 14461
Am, Cyanide
H2O
3,0522x18157 55419
Ultimete Composition mls Aégggxo.au 3051
SH(RGE c Hp Ny 0, 41,03
58,00 gms RDX 17545 17545 17545 475k5 | B o
'57.70 gms TNT 39830 . 14229 8534 17074 imovphous
O 50 Tetryl 273 98 98 156 0L 07811(1 9214.8 1503
57648 31872 26177 . 34775 H.EB‘.R.D.S
12529 . =38, 02x58, 0 5105
38706 HE, BN T,
684 15x57. 70 3952
Aluminium Detonator Sheath H.F, Tetryl '
0.88 gms &1 of which - -25, 85x0, 50 13
Os bk gms 41503 * Initial Nitrogen 5551 152350
: Balance 146799 cals

of Measured Heat 147540 cals
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TABLE 11

Heats of Formation
Mol, Heat of Heat of
Substance wt, Formation Formation Source
grms. | K cels/mol, | cels/mol.
Carbon (Diamond) $2:.0 0 0
Corbon (4morphous) 12,0 -1.75 -0, 0781 Bichowsky
. COo 4l 01 e 45 L 21 65 and
co 28, 01 264 8L 11902 Rossini
H215 (lig.) 8, 02 63, 37 34 0522 of
Hy0 (gas) 18,02 57.89 2. 5008 Chem. Subs.
HCON (ges) 27.02 ~30e 70 -1.3705 (the carbon
CzNz(gas) 52,02 =710 -3.1696 emorphous figure
NHz (gas) 17. 05 4.0 00 4911 is o mean of
NH) HCO3 (NHz4 Hy0. CO,) 794 05 22.38 0. 9991 different forms
(g) (Lig)(g)
Heat of Heat of Hect of
Explosive mol., Formulae combustion Formation Forinc.tion
wte K cels/mol K enls/mol. crls/gm,
Bl X 222 C3H606N6 508, 2 -19. 54 =CGe N2
T, N, T, 227 CoHg0gN 516.6 +15.47 +63.15
Picric lLcid 229 C6H3O7N% 620, 0 +4.9. 25 215,07




SUMMARY OF PARTS.
ITEM [SHEET 'DESCRIPTION MATE RIAL
| I0 | EXPLOSION VESSEL BODY STEEL
2 I0 | EXPLOSION VESSEL COVER STEEL
3 10 | sTuD STEEL
4 | 10 | WASHER LEAD
5 0 | KNIFE RING STEEL
6 10 | BAFFLE PLATE PLUG STEEL
7 Il | INNER BAFFLE PLATE STEEL
8 Il | OUTER BAFFLE PLATE STEEL
9 I | ELECTRODE BODY STEEL
10 I | ELECTRODE STEM STEEL
Tl 1 ELECTRODE INSULATING BUSH [EBONITE
12 " ELECTRODE NUT STEEL

ASBESTOS PACKING

-

8)| @i o
21)(19)\ (20)(15
3 A = -
14)(15)(16)(17) =
13 I
12 '
B
I
FILLED WITH waAX.™ (10
HATTERTONS
COMPOUND)
3 2 é)éé
C)(D GROOVE IN COVER F|
SUMMARY OF PARTS CONT
TTEM [SHEET DESCRIPTION
13 Il | ELECTRODE WASHER, LARGE
14 Il | ELECTRODE WASHER, SMALL
15 Il | WASHER
16 1} PIN
17 I | COLLAR
18 N | VALVE BoDY
19 1 VALVE SPINDLE
20 1 VALVE
21 Il | VALVE GLAND
22 I VALVE NOZZLE
23 N CONFINING VESSEL .
FIG. I. HE. BOMB CALORIMETE
ASSEMBLY OF  H.E. EXPLOSION

VES¢




RESTRICTED

AN

-FILLED WITH ‘PURIMACHOS' (FIRECLAY)

NN

7

|

LED WITH SOLDER BEFORE ASSEMBLY.

NUED.
MATERIAL

TUFNOL
TUFNOL

COPPER
STEEL
STEEL
STEEL
STEEL
STEEL
STEEL
STEEL

STEEL

R SYSTEM .

el (cLoseD)

SECTION A,B,C.

STANDARD PARTS REQUIRED PER. ASSEMBLY

LETTER DESCRIPTION LENGTHMATERIAL
A | 'DIA. BSF. EYE BOLT STEEL
B | No.4 BA. TERMINALS BRASS
¢ | £ oA B.SF NUT STEEL
D z’ DIA. WASHER STEEL
€ | PACKING ASBESTOS

RESTRICTED



PLAN WITH COVERS REMOVED.

SUMMARY OF PARTS.

SUMMARY OF PARTS CONTINUED.

ITEM No DESCRIPTION MAT
7 | COVER -
8 | ASSEMBLY OF WATER STIRRER
9 | ASSEMBLY OF EXPLOSION VESSEL.
IO |EXPLOSION VESSEL STAND.  |WOO

ITEM No. DESCRIPTION MATERIAL
| TANK LID COPPER
2 ASSEMBLY OF WATER JACKET
3 BRACKET BRASS
4 PULLEY BRASS
S SLEEVE M.S.
6 TANK STAND TUFNOL

CALORIMETER

STE!

FIG.2 HE. BOMB CALORI
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SECTION THROUGH A-M

STANDARD PARTS REQUIRED  PER.  ASSEMBLY.
LETTER DE SCRIPTION LENCTH|MATE RIAL |No.OFF REMARKS
A | % oA BsF socker SPOSLDER |5 XM Teree i o I
T . BI.P. SCREW e |A PLNN PORTION e
B | 1" THICK FELT JACKET FELT | |38 3 x e’

METER SYSTEM.
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HOLES TO TAKE
KEY TO REMOVE -
RING A.

NOTCH TO AID
REMOVAL OF RINGS
A&Bb.

BAFFLE PLATE
PLUG (STEEL)

OUTER bAFFLE
! 9 PLATE (STEEL)

INNER BAFFLE PLATE. /
(STEEL )

DETONATOR HOLDER
(STEEL )

N
A
~

2y B A

o

DETONATOR ;;\
Z'. EXPLODER PELLETS,
‘1,",,
/ o 7
EXPLOSIVE CHARGE.
ONFINING VESSEL.
(STEEL)
PLUG. | &
(STEEL) s

FIG.3 CONFINING VESSEL & BAFFLE PLATE ASSEMBLY FOR

H.E .VESSEL .
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FiG.4 COMPUTATION OF TEMPERATURE RISE FOR CALORIMETRIC
BOMB _SYSTEMS.
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FIG S—EFFECT OF TANK TEMPERATURE
ON RISE IN TEMPERATURE

OF CALORIMETER.

thousandths degree cent. per minute)

\\(

Rate of rise of temperature of calorimeter.

& | 8 | 2 3 4 5
7 Tank calorimeter temperature
(degrees cent)

Note Line 2 is based on experimental results,

Line | is purely illustrative.
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4.R.D.E. Report (S)4/56 66221643:

662,215.12:
The calorimetry of high explosives 662.2
HoWeSexton, April 1956

p—

A laboretory method evolved over a period of years is described
for the determination of the heat and gases of detonation of up to
120 gramme charges of high explosives.

The report is divided into three parts:-
le The calarimetry of high explosives
2, The examination of the products of detonation
3« Thpe evaluation of the heat and gases of detanation per gramme of
charge.
The method is fllustrated by results from the firings of four
common .explosives, l.e, Tetryl, Picric Acid, RDX/TNT 50/50 and TNT.
thppe 5 figs. 11 tabs,
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The calorimetry of high explosives. 662.2
H.W.Sexton. April 1956

A laboratory method evolved over a period of years is described
for the determination of the heat and gases of detonation of up to
120 gramme charges of high explosives.

The repact is divided into three parts:=
1. The calarimetry of high explosives
2o The examination of the products of detonation
3« The evaluation of the heat and gases of detonation per gramme

of charge.

The method is {llustrated by results from the firings of four
comon explosives, l.e. Tetryl, Picric Acid, RDX/TNT 50/50 and TNT.
14pp. 5 figs. 11 tabs.

A laboratory method evolved over a period of years is deseribed
for the determination of the heat and gases of detonation of up to
120 gramme charges of high explosiwes.

The report is divided into three parts:-

1 The calorimetry of high explosives

2. The examination of products of detonation

3« The evaluation of the heat and gases of detmation per gramme
of charge.

The method is illustrated by results from the firings of four
common explosives, i.e. Tetryl, Picric Acid, RDX/TNT 50/50 and TIT.
14pp. 5 rigs. 11 tabs,
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